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(54) SILICON CARBIDE BASED POROUS COMPACT AND METHOD OF MANUFACTURING 

THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a silicon carbide based porous compact and a method 
of manufacturing the same which is containing a silicon carbide grain and a silicon nitride grain, 
excellent in heat resistance, corrosion resistance, chemical resistance, strength, heat shock 
resistance, and preferable for collecting and eliminating particulates. 
SOLUTION: The method of manufacturing the silicon carbide based porous compact is 
characterized in that a compact formed of 70-98 mass% mixed powder composed of 70-95 
mass% silicon carbide grain of 10-100 |im mean grain diameter, 5-30 mass % metallic silicon 
grain of 1 -50 |im mean grain diameter, and 2-30 mass % pore generating agent, is heat treated 
in a nitrogen atmosphere so as to nitride the metallic silicon grain. 
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* NOTICES * 

JPO and NCIPI are no^ responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the nature porous body of silicon carbide characterized by 
heat-treating the Plastic solid containing the mixed powder 70 which consists of the silicon carbide 
particle 70 with a mean particle diameter of 10-100 micrometers - 95 mass %, and five to metal 
silicon particle 30 with a mean particle diameter of 1-50 micrometers mass % - 98 mass %, and the 
pore formation agent 2-30 mass % in nitrogen-gas-atmosphere mind, and nitriding said metal 
silicon particle. 

[Claim 2] The manufacture approach of the nature porous body of silicon carbide according to claim 

1 that said pore formation agents are a ceramic particle and/or the organic macromolecule particle of 
pyrolysis nature. 

[Claim 3] The manufacture approach of the nature porous body of silicon carbide according to claim 

2 that said ceramic particle is an oxide-ceramics empty capsid. 

[Claim 4] The manufacture approach of the nature porous body of silicon carbide according to claim 

3 that said oxide-ceramics empty capsid uses as a principal component the oxide of one or more sorts 
of metals chosen from the group which consists of aluminimi. Si, calcium, Sr, Y, Yb, Ba, and Mg. 
[Claim 5] The manufacture approach of the nature porous body of silicon carbide according to claim 
2, 3, or 4 that the mean particle diameter of said pore formation agent is 5-100 micrometers. 
[Claim 6] Claims 1-5 are the nature porous bodies of silicon carbide manufactured by the 
manufacture approach of the nature porous body of silicon carbide a publication either. 

[Claim 7] The nature porous body of silicon carbide according to claim 6 whose average pore 
diameter of said nature porous body of silicon carbide is 5-20 micrometers. 

[Claim 8] The nature porous body of silicon carbide according to claim 6 or 7 whose porosity of said 
nature porous body of silicon carbide is 30 - 80%. 

[Claim 9] The nature porous body of silicon carbide according to claim 6, 7, or 8 which said nature 
porous body of silicon carbide turns into from a silicon carbide particle and a nitriding cay 
elementary particle substantially. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacturing method of the suitable nature 
porous body of silicon carbide, in order to remove the dust contained in elevated-temperature 
exhaust gas. 
[0002] 

[Description of the Prior Art] Silicon carbide has the property excellent in thermal resistance, 
corrosion resistance, chemical resistance, reinforcement, etc., and is expected as a filter for dust 
collection or dust removals under an elevated temperature or a corrosive environment. 
[0003] However, since coefficient of thermal expansion of silicon carbide is comparatively high, 
thermal shock resistance is not enough and the improvement of the point is called for with a filter 
which needs thermal shock resistance like the particulate filter fi-om which the diesel particulate (it 
only abbreviates to a particulate hereafter) especially contained in the exhaust gas fi"om a diesel 
power plant is removed. 

[0004] In order to solve this, the manufacture approach of the nature porous body of silicon carbide 
which combined silicon carbide with oxide ceramics with a low coefficient of thermal expansion is 
proposed by JP,2000-351679,A. However, by this approach, since the amoimt of bond parts were 
oxide ceramics, there was a fault that that it is easy to receive corrosion in an acid, alkali, etc. it was 
inferior to corrosion resistance. 

[0005] Similarly, 5% or less of substantia compacta ceramic compovmd sintered compact is proposed 
for the porosity which consists of silicon carbide, silicon nitride, and fi-ee carbon by JP,5-9074,A as 
complex of silicon carbide and silicon nitride. However, as a filter, it is too precise to use it so that 
clearly fi-om porosity being 5% or less. Moreover, in order to sinter imder pressurization nitrogen- 
gas-atmosphere mind, a facility of dedication is needed, and there is a problem also in respect of 
productivity, the cost price, etc. 

[0006] Moreover, although the ceramic complex which carried out the laminating of the porous layer 
of a silicon carbide whisker and the substantia-compacta layer of silicon nitride is proposed by JP,9- 
227244,A, and it is usefiil as the member for elevated-temperature gas turbines, a car motor member, 
a member for ultra high-speed aircrafts, etc., as a filter, it is not suitable. 

[0007] Anyway, it is the filter which was excellent also in thermal shock resistance in addition to 
thermal resistance, corrosion resistance, chemical resistance, and reinforcement, and is not proposed 
about the filter containing silicon carbide and silicon nitride. 
[0008] 

[Problem(s) to be Solved by the Invention] It is suitable for particulate uptake and removal excellent 
in thermal resistance, corrosion resistance, chemical resistance, reinforcement, and thermal shock 
resistance, and this invention aims at offer of the nature porous body of silicon carbide containing a 
silicon carbide particle and a nitriding cay elementary particle, and its manufacture approach. 
[0009] 

[Means for Solving the Problem] This invention is the manufacture approach of the nature porous 
body of silicon carbide characterized by heat-treating the Plastic solid containing the mixed powder 
70 which consists of the silicon carbide particle 70 with a mean particle diameter of 10-100 
micrometers - 95 mass %, and five to metal silicon particle 30 with a mean particle diameter of 1-50 
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micrometers mass % - 98 mass %, and the pore formation agent 2-30 mass % in nitrogen-gas- 
atmosphere mind, and nitriding said metal silicon particle. 
[0010] 

[Embodiment of the Invention] In the manufacturing method (henceforth this manufacturing 
method) of the nature porous body of silicon carbide of this invention, the Plastic solid containing 
the mixed powder 70 which consists of the silicon carbide particle 70 with a mean particle diameter 
of 10-100 micrometers - 95 mass %, and five to metal silicon particle 30 with a mean particle 
diameter of 1-50 micrometers mass % - 98 mass %, and the pore formation agent 2-30 mass % is 
used. 

[001 1] Although both the organic substance and an inorganic substance will be suitably used if 
decomposition etc. is carried out, it disperses as a pore formation agent at the time of heat treatment 
and pore is fomied, it is desirable in their being a ceramic pgirticle and the organic macromolecule 
particle of pyrolysis nature. Since it is served as work Uke sintering acid that a pore formation agent 
is a ceramic particle, it is desirable, and it is desirable in order not to spoil the property of the nature 
porous body of silicon carbide that it decomposes that it is the organic macromolecule particle of 
pyrolysis nature in a heat treatment process, and disperses on the other hand, and the residue may not 
be left behind in a sintered compact. 

[0012] As a ceramic particle used for such a pore formation agent, oxide ceramics, nitride ceramics, 
carbide ceramics, the boride ceramics, etc. are mentioned. Since there is effectiveness like sintering 
acid to the nitriding cay elementary particle generated by nitriding especially, oxide ceramics are 
desirable, and since pore formation can be carried out in a small addition as it is the oxide-ceramics 
empty capsid (henceforth an empty capsid) which has especially a hollow configuration, it is still 
more desirable. 

[0013] As an empty capsid, pore is formed at the time of heat treatment, and if the work like 
sintering acid is carried out to the nitriding cay elementary particle moreover generated in a heat 
treatment process, all will be used suitably. When the oxide of one or more sorts of metals chosen 
from the group which consists of aluminum. Si, calciimi, Sr, Y, Yb, Ba, and Mg is used as a 
principal component, since the effectiveness like sintering acid is high, an empty capsid is desirable. 
As long as an empty capsid is hollow, the substantia compacta is sufficient as the part equivalent to 
an envelope, and porosity is sufficient as it. Moreover, although it is desirable since an empty capsid 
is it easy to come to hand that an appearance is a spherical particle, particles other than a spherical 
particle should just also be hollow. 

[0014] The porosity of the porous body obtained as the mean particle diameter of an empty capsid is 
30-100 micrometers is large, and since reinforcement is moreover also secured, it is desirable. A 
pore diameter tums it small up that the mean particle diameter of an empty capsid is less than 30 
micrometers too much, and the contribution to pore formation falls. On the other hand, if mean 
particle diameter exceeds 100 micrometers, a pore diameter becomes large too much, and since the 
reinforcement of the porous body obtained is inadequate, it is not desirable. 
[0015] Moreover, as an organic giant-molecule particle used as a pore grant agent, there are 
particles, such as polyvinyl alcohol, acrylic resin, vinyl acetate resin, and a cellulose. If the organic 
macromolecule particle added as a pore formation agent in the temperature up remains as carbon, 
without fiiUy carrying out a pyrolysis in the temperature up phase of heat treatment, it will react with 
a metal silicon particle in a subsequent heat treatment process, not silicon nitride but silicon carbide 
will be generated, and it is not desirable in respect of improvement in thermal shock resistance. In 
that respect, since there are few amounts which will be easy to pyrolyze if an acrylic resin particle is 
made into a pore formation agent, and remain as carbon, it is desirable. 

[0016] As a content of a pore formation agent, it is two to 30 in Plastic solid mass %. Under 2 mass 
% of the rate of pore is not enough as a content as a porous body, and on the other hand, if a content 
exceeds 30 mass %, although the porosity of a porous body will become large, sufficient 
reinforcement is not obtained. Since both the reinforcement of a porous body and porosity are highly 
made as the content of a pore formation agent is five to 25 in Plastic solid mass %, it is desirable. 
[0017] Furthermore, especially since a strong fall can be controlled even if the pore formed as a pore 
formation agent is a globular form also becomes spherical and makes porosity high, it is desirable. 
[0018] Moreover, it is suitable in the mean particle diameter of a pore formation agent being 5-100 
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micrometers. If the average pore diameter of the nature porous body of silicon carbide obtained after 
heat treatment as the mean particle diameter of a pore formation agent is less than 5 micrometers is 
set to 5 micrometers or less and it exceeds 100 micrometers on the other hand preferably, the average 
pore diameter of the nature porous body of silicon carbide obtained after heat treatment is set to 40 
micrometers or more, and is not desirable as filters, such as dust removing. 

[0019] The mean particle diameter of the metal silicon particle used for this manufacturing method is 
1-50 micrometers. The amount which adsorbs oxygen and the moisture of the open air during Plastic 
solid creation etc. as the mean particle diameter of a metal silicon particle is less than 1 micrometer 
increases, and the amount of the silicon dioxide which oxidizes before a metal siUcon particle is 
nitrided, when sintering cannot advance easily and also it heat-treats, and is generated becomes large 
too much. Moreover, if the mean particle diameter of a metal silicon particle exceeds 50 
micrometers, the metal silicon particle which is not nitrided inside a sintered compact after heat 
treatment will remain, and the property as a final porous body will fall. In addition, as purity of a 
metal silicon particle, it is suitably chosen according to the purpose and an application. 
[0020] In this manufacturing method, the usual ceramic fabricating methods, such as press forming, 
extrusion molding, and casting, are suitably adopted as an approach of creating the Plastic solid 
containing a pore formation agent and a metal silicon particle. In addition, on the occasion of 
shaping, an organic binder may be added apart fi*om a pore formation agent. As such an organic 
binder, the organic substance, such as polyvinyl alcohol or its conversion object, starch or its 
conversion object, carboxyl methyl cellulose, hydroxyl methyl cellulose, a polyvinyl pyrrolidone, 
acrylic resin or an acrylic copolymer, vinyl acetate resin, or a vinyl acetate system copolymer, can be 
used. It is desirable when it is 1 - 10 mass section to said mixed powder 100 mass section as an 
addition of such an organic binder. In addition, a pore formation agent may serve as work of the 
binder of a Plastic solid. 

[0021] As conditions which heat-treat said Plastic solid, it is desirable to hold at 1 100-1800 degrees 
C imder nitrogen-gas-atmosphere mind for 2 to 24 hours. In order that nitriding of a metal silicon 
particle may not progress that a temperature requirement is less than 1 100 degrees C, since the 
nitriding cay elementary particle generated when it exceeded 1800 degrees C decomposes, it is not 
desirable preferably. Since association of the grain children whose temperature holding time is less 
than 2 hours does not fiiUy advance, if it exceeds 24 hours on the other hand, it becomes 
[ especially ] easy to decompose silicon nitride at an elevated temperature and is not desirable 
preferably. 

[0022] Although the programming rate at the time of heat treatment is suitably chosen by the 
magnitude of a Plastic solid, the configuration, etc., it is desirable in respect of the rate of nitriding, 
and a pore diameter in it being 50-600 degrees C/h. Although nitrogen-gas-atmosphere mind means 
the ambient atmosphere which does not contain oxygen only including nitrogen substantially here, 
other inert gas may be included. A nitrogen partial pressure has 50 or more desirable kPas. 
[0023] The porosity of the nature porous body of silicon carbide (it only abbreviates to the nature 
porous body of this silicon carbide hereafter) obtained by this manufacturing method is suitable in it 
being 30 - 80%. When using as a filter that porosity is less than 30%, since pressure loss becomes 
large, it is not desirable as a porous body. Moreover, since reinforcement vsdll become low if porosity 
exceeds 80%, it is not desirable as a porous body. 

[0024] The average pore diameter of the nature porous body of this silicon carbide is desirable in it 
being 5-20 micrometers. It becomes [ the pressure loss at the time of porous body use ] large that an 
average pore diameter is less than 5 micrometers and is not desirable. Since it will be hard coming to 
carry out prehension removal of an exhaust air particle like a diesel particulate if an average pore 
diameter exceeds 20 micrometers, it is not desirable. 

[0025] Since the organization of the nature porous body of this silicon carbide has the fine structure 
which combined the silicon carbide particle by silicon nitride and the metal silicon particle, it has the 
description which is excellent in thermal shock resistance. 
[0026] 

[Example] An example (Example 1, Example 4, Example 5) and the example of a comparison 
(Example 2, Example 3, Example 6) are shown below. 

[0027] [Example 1] In tiie mixed powder 75 mass section of with a mean particle diameter of 50 
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micrometers silicon carbide particle 80 mass % and with a mean particle diameter of 10 micrometers 
metal silicon particle 20 mass %, 25 mass sections addition of the spherical particle of an acrylic 
resin system with a mean particle diameter of 20 micrometers was carried out, and ethanol was 
further added as a dispersion medium, and by the ball mill method, wet blending was carried out for 
30 minutes, and it dried at the end. 40mmx60nun press metal mold was filled up with the obtained 
powder for Plastic solids, and 1 shaft pressing was performed by moulding pressure 20MPa. After 
shaping, in an electric fiimace, and under nitrogen-gas-atmosphere mind, the temperature up was 
carried out by h in 400 degrees C /to room temperature -1000 degree C, and the temperature up was 
carried out by h in 60 degrees C /to 1500 degrees C, and at 1500 degrees C, it held for 10 hours, and 
heat-treated, and the porous body was obtained. 

[0028] [Example 2] In Example 1, in the vacuxmi, heat treatment conditions carried out the 
temperature up by h in 400 degrees C /to room temperature -1000 degree C, carried out the 
temperature up by h in 300 degrees C /to 1350 degrees C, and obtained the porous body like 
Example 1 except holding at 1350 degrees C for 5 hours, and heat-treating. 

[0029] [Example 3] In Example 1, the porous body was obtained like Example 1 except carrying out 
the temperature up of the heat treatment conditions by h in 400 degrees C /to room temperature - 
1000 degree C, they carrying out a temperature up by h in 300 degrees C /to 1000-1300 degrees C in 
an argon, holding them at 1300 degrees C for 5 hoiu-s, and heat-treating using the lithiimi aluminiimi 
silicate whose mean particle diameter is 10 micrometers instead of metal silicon. 
[0030] [Example 4] The porous body was obtained like Example 1 except heat treatment conditions 
carrying out a temperature up by h in 400 degrees C /to room temperature -1000 degree C in 
nitrogen-gas-atmosphere mind, and carrying out a temperature up by h in 400 degrees C /to 1400 
degrees C, carrying out time amoimt niaintenance and heat-treating at 1400 degrees C, in Example 1. 

[0031] [Example 5] In the mixed powder 85 mass section which consists of with a mean particle 
diameter of 75 micrometers silicon carbide particle 70 mass % and metal silicon particle 30 with a 
mean particle diameter of 10 micrometers mass %, the ceramic hollow spherical particle 15 mass 
section of an alumina silica system with a mean particle diameter of 40 micrometers was added, and 
ethanol was further added as a dispersion mediirai, and by the ball mill method, wet blending was 
carried out for 30 minutes, and it dried at the end. 

[0032] 40mmx60nMn press metal mold was filled up with the obtained powder for Plastic solids, and 
1 shaft pressing was performed by moulding pressure 20MPa. After shaping, in an electric fiimace, 
and under nitrogen-gas-atmosphere mind, the temperature up was carried out by h in 400 degrees 
C /to room temperature -1000 degree C, and the temperature up was carried out by h in 60 degrees 
C /to 1700 degrees C, and at 1700 degrees C, it held for 5 hours, and heat-treated, and the porous 
body was obtained. 

[0033] [Example 6] The porous body was obtained like Example 1 except not using a metal silicon 
particle in Example 1. 

[0034] The [evaluation approach] Porosity, an average pore diameter, coefficient of thermal 
expansion, a crystal phase, room temperature flexural strength, elevated-temperature flexural 
strength, acid resistance, and thermal shock resistance were measured and evaluated about each 
porous body. 

Porosity (%): Measure by the Archimedes method. 

Average pore diameter d (micrometer): Measure by the mercury porosimeter (the Yuasa Ionics 
make, trade name:AUTOSCAN-33). 

Coefficient of thermal expansion alpha (xlO-6/degree C): Measure in room temperature -1000 
degree C using a coefficients-of-linear-ttiermal-expansion measuring device (the Rigaku make, a 
trade name: TASlOO). 

Crystal phase: Identify according to an X diffiraction. SC, SN, S, and LAS show the crystal phase of 
silicon carbide, silicon nitride, metal silicon, and lithium aluminosilicate, respectively. 
Reinforcement sigma (MPa): From a sample, cut down the test piece for bend test of 
4minx3mmx40mm size, and measure three-point flexural strength (span 30mm) at a room 
temperature. The load impression rate was considered as a part for 0.5mm/. (%): The sample was 
immersed in the one-mol % sulfuric-acid water solution at 80 degree C for 50 hours, the three-point 
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flexural strength before and behind immersion was measured, respectively, and the decreasing rate 
on the strength from the flexural strength of the sample before immersion was computed and 
evaluated. [ Corrosion-resistant ] Corrosion resistance is so good that a decreasing rate on the 
strength is low. Thermal-shock-resistance deltaT: Iced water (about 3 degrees C) was made to throw 
in and quench the test piece held to the elevated temperature, the flexural strength of the test piece 
after quenching was measured, and the temperature gradient of the retention temperature when 
falling from the value of the flexural strength of the test piece before the value of flexural strength 
quenching and iced water was evaluated as a heat-resistant impact temperature gradient. The 
temperature gradient was evaluated at intervals of 50 degrees C. In addition, the test piece size of 
flexural strength and a test method apply to the above-mentioned measurement on the strength. An 
evaluation result is shown in Table 1 . 
[0035] 
Table 11 
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[0036] Compared with the nature porous body of silicon carbide which does not contain silicon 
nitride as it is a nature porous body of silicon carbide containing silicon nitride, it turns out that 
thermal shock resistance and corrosion resistance are improving. 
[0037] 

[Effect of the Invention] Compared with the carbonization siliceous porous body which does not 
contain the conventional nitriding cay elementary particle, the nature porous body of this silicon 
carbide containing the nitriding cay elementary particle which nitrided the metal silicon particle has 
the property excellent in thermal shock resistance, thermal resistance, corrosion resistance, chemical 
resistance, reinforcement, etc. 

[0038] Therefore, it is suitable as a filter which deals with the intense gas of a temperature change, 
and the engine performance which was excellent especially as a particulate filter is shown. 



[Translation done.] 
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